Background/Aim. Preeclampsia (PE) is a multisystemic syndrome that complicates 5-8% of all pregnancies. The aim of this study was to evaluate the biochemical parameters of oxidative stress in the first trimester of pregnancy in patients with preeclampsia, with the purpose of comparing the level of oxidative stress with normal pregnancy. Methods. The study was conducted as a prospective study. It included totally 107 pregnant women divided into two groups. In the study group (n = 33) there were women who developed preeclampsia in the current pregnancy. The control group (n = 74) included healthy pregnant women. Blood samples were taken between 11th and 14th weeks of gestation, and the values of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and total antioxidant status (TAS) were determined in serum by enzymatic colorimetric methods. Results. The values of SOD and GHS-Px were statistically higher in the study group, while the values of TAS were statistically higher in the control group. The level of TAS inversely correlated with GSH-Px and SOD, but there is no statistically significant correlation between GSHPx and SOD in the study group. Conclusion. The results of this study suggest a higher level of oxidative stress in the first trimester of pregnancy with preeclampsia, which may indicate that the initiation and development of pathophysiological processes underlying preeclampsia start much earlier than the clinical syndrome exhibit.
Introduction
The integrity and functionality of all cells and tissues depend on the precisely regulated balance between the production of reactive oxygen species (ROS) and components activity of the antioxidant protection 1 . Many physiological processes are sources of ROS but in limited and controlled amounts. Pregnancy is a physiological state, which modulates the processes of metabolism, hormonal status, coagulation and immune mechanisms, all of which affect the redox balance 2, 3 . The levels of circulating markers of lipid peroxidation in maternal circulation are considerably increased compared to the situation before pregnancy, which indicates a certain degree of physiological oxidative stress in normal pregnancy 4 . The primary antioxidant system protection consists of many enzymes such as superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px), which are the first line of defense of the organism and catalyze the removal of toxic forms of oxygen in cells 5, 6 . SOD catalyzes the dismutation reaction of superoxide anion radicals (O 2 -), with the production of hydrogen peroxide (H 2 O 2 ) and molecular oxygen, while GSH-Px reduces H 2 O 2 and hydroperoxides of fatty acids with the involvement of glutathione as an electron donor 7, 8 . However, no single antioxidant can reflect the overall defense activity of the organism, as the total antioxidant status (TAS) can, which is a measure of antioxidant capacity, and joint action of all antioxidants, such as enzymatic and non-enzymatic ones in blood and biological fluids 9, 10 . Changes in the concentrations of some of the oxidative stress markers are preceded by the development of the clinical symptoms, which indicates a phenomenon of chronic oxidative stress during pregnancy 11 . According to the literature, oxidative stress during pregnancy significantly affects placental and systemic pathophysiological processes that lead to disorders of placental vascularization, causing endothelial and immune dysfunction 12, 13 . It is believed that oxidative stress could be a central process in the pathogenesis of placental disorders. For this reason, the oxidative imbalance is considered to be a significant factor in the development of pathological conditions in pregnancy, such as miscarriage, preeclampsia (PE), premature birth, hydatid mole, etc [14] [15] [16] . Preeclampsia is characterized by new-onset hypertension (systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg at least on two occasions) and proteinuria (urinary excretion of ≥ 300 mg of protein in 24h) after 20 weeks of gestation. Insufficient remodeling of the spiral arteries and reduced uteroplacental perfusion might be one of the trigger factors responsible for maternal endothelial cell dysfunction, inflammation and oxidative stress 17, 18 . Intention to understand etiopathogenesis of preeclampsia at the molecular level is the topic of numerous studies but most data provides only a partial explanation of the problem. For this reason, it is very important to find biomarkers which are sensitive and specific enough to detect high-risk pregnancy early, long before the onset of clinical symptoms and signs of the disease 19, 20 .
The aim of this study was to evaluate the markers of oxidative stress in the first trimester of pregnancy in patients with preeclampsia, comparing the level of oxidative stress with normal pregnancy.
Methods
The research was conducted at the Department of Obstetrics and Gynecology, Clinical Center of Vojvodina in Novi Sad as a prospective study between 2010 and 2014. The study included a total of 107 pregnant women who were concordant with participation in the study, which was confirmed by their written consent in accordance with the criteria of the Helsinki Declaration.The protocol was approved by the Ethics Committee of the Faculty of Medicine in Novi Sad.
Criteria for inclusion in the study were pregnancy age between 11-14 weeks and singleton pregnancy.
The criteria for exclusion were: fetal chromosomal abnormalities, infectious diseases in current pregnancy, maternal diseases (anemia, chronic and gestational hypertension, diabetes mellitus) and local factors: anatomical malformations of the uterus and vagina, cervical insufficiency, and malignancies. Chromosomal and genetic fetal disorders were excluded, by controlling all included pregnancies in the study, until the delivery. Only pregnancies with genetically healthy newborn babies were included. All pregnant women with obesity [body mass index (BMI)≥ 30] and hypertriglyceridemia were excluded from the study [21] [22] [23] . None of the pregnant women were smokers and none of them received supplementation with antioxidant vitamins.
The study involved two groups of pregnant women: the study group (n = 33) women who developed preeclampsia in the current pregnancy, and the control group (n = 74), which consisted of healthy pregnant women. After taking anamnesis about place of living (rural/urban) in addition to the impact of environmental toxins on oxidative stress and clinical examination, the blood samples were taken -whole blood and serum in which certain basic hematological and biochemical parameters were determined as well as markers of oxidative stress: SOD, TAS, and GSH-Px. All parameters were determined in the first trimester before clinical signs of preeclampsia.
Body height (BH, cm) was measured with Martin anthropometer. Body mass (BM, kg) was measured on the medical decimal scale. A BMI was calculated based on the formula: BMI (kg/m 2 ) = BM (kg)/BH (m 2 ). Blood pressure (mmHg) was measured by the Riva-Rocci method.
Blood counts (complete blood cells -CBC) and Creactive protein (CRP) were determined on an automated hematology analyzer ABX Micros CRP 200 (HoribaABX Diagnostics). Fibrinogen concentration was determined by the BFT II Fibrintimer Siemens Health Care Diagnostics (modified method by Klaus).
GSH-Px activity was determined by a modified method of Paglia and Valentine with cumene hydroperoxide using RanSel (Randox, Ireland) tests 24 . The activity of SOD was measured in EDTA hemolysates with Xanthine oxidase (XOD) method using RanSOD tests (Randox, Ireland) 25 .
The total antioxidant status was determined in samples of sera by monitoring the inhibition of ABTS + colors using sets TAS BIOREX (BIOREX Diagnostic Limited, Antrim, United Kingdom) 26 . Data were analyzed using the statistical package Statistica 12 (StatSoft Inc., Tulsa, OK, USA), University license for Novi Sad University; p values less than 0.05 were considered statistically significant. Table 1 shows demographic, anthropometrical, clinical and biochemical characteristics of pregnant women. There were no statistically significant differences in age of patients, dwelling place, BMI, blood pressure, hematological parameters and markers of infections between two groups of pregnant women.
Results
In the Figures 1-3 the values of parameters of oxidative stress in pregnant women who developed preeclampsia and in healthy pregnant women in the first trimester are displayed.
The values of SOD in EDTA hemolysate of women in the control and the study group are displayed in Figure 1 . The mean value of SOD activity (IU/L) in the serum of pregnant women in the study group was 45.6 (13.6-77.5) whereas the mean value in the control group was 29.733 (9-70.5). Patients with preeclampsia had significantly higher mean values of SOD compared to healthy controls (p < 0.0001).
The values of GSH-Px in the serum of women in the study group and the control group are displayed in Figure 2 . The mean value of GSH-Px activity (IU/L) in the serum of pregnant women of the study group was 634.712 (35-995.30 ) while the average value of the control group was 519.46 (253.6-827.1). The results showed significantly higher mean values of GSH-Px in pregnant women with preeclampsia compared to healthy control group (p = 0.0058).
The values of TAS in the serum of women in the study and the control group are displayed in Figure 3 . The mean value of TAS (mEq/L) in the serum of pregnant women in the study group was 0.97 (0.2-5.3), whereas the mean value in the control group was 1.9 (0.35-5.03).Values of TAS were significantly lower in the study group compared to the values in the control group (p = 0.0075).
Correlation analysis of oxidative stress parameters in the study group showed that level of TAS inversely corre- 
Discussion
ROS production is increased in normal pregnancy and it is necessary for proper development of the placenta. It is assumed that growth and evolvement of the placenta are associated with a trophoblastic necrosis and apoptosis, which leads to the physiologically enhanced production of ROS [24] [25] [26] [27] . Many studies indicate that poor placental implantation may represent the initial event in the development of preeclampsia [28] [29] [30] . Placental and systemic oxidative stress with an imbalance in the oxidant/antioxidant activity seems to play a central role in the pathogenesis of preeclampsia 28 . This study evaluates oxidative status in the first trimester of pregnancy by determination most important enzymatic antioxidants, SOD, GSH-Px, and TAS in pregnant women with preeclampsia and healthy pregnant woman. Parameters of oxidative stress in our study were measured in early pregnancy before the clinical signs of preeclampsia developed.
In our study, the activities of SOD and GSH-Px were significantly higher in the PE group (the study group) than in the healthy pregnancy group (the control group). These results are consistent with other studies 7, 13, [31] [32] [33] [34] [35] [36] showing the significant increase of enzymes activities in preeclamptic patients compared to healthy pregnant women. Increased values of activity two important antioxidative enzymes -SOD, that catalysed dismutation of superoxide radical, and GSHPx, that removed H 2 O 2 from tissues, indicate some level of preserved antioxidative mechanisms in the PE group in our study. On the other hand, induction of antioxidant defence mechanisms in the first trimester may indicate a higher level of oxidative stress in the preeclamptic group of pregnant women. Significantly lower values of TAS in the study group may propose a greater consumption of antioxidants in early pregnancy in the group that will later develop preeclampsia. In addition to SOD and GSH-Px, TAS involves different parameters of antioxidant status, such as catalase activity, cellular antioxidants (acidum uricum, bilirubin) and non-enzymatic antioxidants (vitamins C, vitamin E, coenzyme Q). As a complex antioxidative parameter, TAS can provide better information on the current state of antioxidative protection than enzymes alone and point to a reduced ability of complex antioxidant defence mechanisms in early pregnancy which will later develop into preeclampsia 7, 8, 13, 32, . Correlation analysis demonstrates the mild inverse association between elevated enzymes and lower TAS (r = -0.37 for SOD and r = -0.43 for GSH-Px) in the group of women with preeclampsia. Results of correlation analysis could indicate that in the first trimester, there is a decrease of antioxidant capacity (perhaps because of inadequate production of antioxidants) and increase in prooxidants that could interfere with normal trophoblastic development, causing early placental development disorders, impairment of angiogenesis and vasculogenesis. Placental injury in PE, with ischemia and reperfusion, is a trigger factor for releasing many cytokines, inflammatory proteins, and ROS into the circulation, initiating pathophysiological processes that precede the development of preeclampsia. Higher oxidative stress in these pregnancies could be also explained by over-consumption of antioxidants in early pregnancy, demonstrating that oxidative imbalance not only could be the cause but also complication of previous placental impairment 33, 34 . Llurba at al. 35 also showed the increase in antioxidant concentrations (SOD; GSH-Px) but their cumulative data suggested no clear systemic generalised increase in oxidative stress in PE. The study would rather reflect a low oxidative stress level in blood of preeclamptic women which does not represent a pathogenetically relevant process contributing to preeclampsia. Results of other investigators show the strong association between oxidative stress and preeclampsia, by significantly reducing the incidence of preeclampsia with multivitamin supplementation in early pregnancy 36, 37 . However, a limited number of samples in our study, the heterogeneity of disease-induced preeclampsia and the fact that we have only studied some antioxidative parameters in early pregnancy and not a wide spectrum of oxidation products were likely the reasons why the complete pathophysiologic role of oxidative stress cannot be elucidated in our study. But the results of our study indicate that SOD, GSH-Px, and TAS could be included in the diagnostic algorithm for early detection of preeclampsia.
Conclusion
The results of this study suggest a higher level of oxidative stress in the first trimester of pregnancy with preeclampsia, which may indicate that the initiation and development of pathophysiological processes underlying preeclampsia start much earlier than the clinical syndrome exhibit.
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